Fluid flow model
A fluid dynamic model was introduced for the upper channel of the blood-brain barrier (BBB) dynamic in vitro system, with a twofold objective: to set the flow rate based on a desired value of the wall shear stress (WSS), and to develop a numerical model for predicting magnetic particle targeting (see below).
We considered a rectangular cross-section for the channel with height h = 2b = 500 µm and width w = 2a = 5 mm, hosting the flow of a (water-like) liquid with viscosity η = 10 -3 Pa s and flow rate
Q.
We then targeted a wall shear stress value typical of capillaries, namely WSS * = 10 dyn cm -2 = 1 Pa [1] . In order to estimate the corresponding flow rate, we firstly introduced an approximation: we assumed a fully-developed flow between two parallel plates distant h from each other. This approximation, suitably holding for w >> h, leads to the classical parabolic velocity profile between the plates [2] , for which
By substituting WSS = WSS * in Eq.(1), one gets 12.5 mL min -1 , whence we set Q = 12 mL min -1 for simplicity.
We then considered a more accurate model also accounting for the finite width of the channel, still by assuming a fully-developed flow. The fluid speed u(y,z) can be obtained by classical potential-flow methods [3] . Once introduced the Cartesian coordinates (y,z) to span the width and the height direction, respectively, with the origin at the center of the cross-section, it can be recast as follows:
where
with ( , ) ∶= (−1)
Based on Eq. (2), one can straightforwardly obtain the wall shear stress along the width, as follows:
and the wall shear stress along the height, as follows:
Let us remark that Eq.(3) provides a closed-form representation for the WSS (the derivatives are not explicitly reported for conciseness), and for practical computations we considered 40 terms in the summations. Moreover, Eq.(3a) extends Eq.(1) meaning that, for w >> h, the value obtained from
Eq.
(1) well approximates that one obtained from Eq.(3a) at y = 0. We thus used Eq.(3a) to verify that the chosen value of Q was effectively leading to a WSS around 1 Pa over most of the width, as confirmed in Figure S2 .
Finally, the expression in Eq. (2) was used for computing the drag force on carriers released in the fluid stream, as functional to the magnetic targeting model (see below). In particular, Eq. (2) provided the axial component (namely the one along the channel) of the fluid speed (below denoted by ⃗), the other components being null owing to the assumption of fully developed flow.
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Magnetic targeting model
Following [4] , we considered spherical magnetoresponsive carriers (large enough for Brownian effects to be negligible), dragged by the fluid flow (one-way coupling) and subjected to the magnetic field of the external magnet. For the dragging force we adopted the classical Stokes model [2] :
where ⃗ and ⃗ denote carrier and fluid velocity, respectively, and denotes the carrier hydrodynamic radius (around 180 nm, based on measurements). Moreover, for the magnetic force we adopted a point-dipole model leading to the following expression [4] :
where 0 denotes vacuum permeability, is the carrier volume, represents the volume fraction occupied by the magnetoresponsive material (around 1.8×10 -2 , based on the measured SPION loading), and the gradient operator is understood. Moreover, ⃗ ⃗⃗ denotes the magnetic field: it was computed by using an equivalent current method [4] , in particular by assuming 1000 current strips for discretizing the given magnet geometry, and a magnetization around 10 6 A m -1 (typical for NdFeB magnets). Finally, φ( ) accounts for saturation magnetization effects (and its computation also involves the measured SPION saturation magnetization).
We assumed equilibrium conditions, i.e., ⃗ + ⃗ = 0 ⃗⃗ ; once substituted the corresponding expressions from Eq. (4) and Eq.(5), we obtained carrier trajectories by numerically integrating (with Matlab) the ordinary differential equation thus resulting for ⃗ . More in detail, we considered a cross-section upstream the magnet (far enough for the magnetic actions to be negligible) and we virtually seeded carriers on that section, by following their trajectory up to impinging on either the floor (capture condition) or the outflow cross-section of the channel (escape condition). Using some estimates, we restricted carrier seeding to a suitable region of the aforementioned cross-section in order to contain the computational cost (we used 1248000 seeds, with spacing around 1.5 µm). The captured carriers were then binned (bin size 100 µm) in order to render the capture density through a contour plot (in arbitrary units) as shown in Figure 10 (fourth row). 
